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1. EFFECT OF TEMPERATURE ON EBR
FRP STRENGTHENING
FRP strengthening systems are based on the polymer
materials, including matrix material joining the fibers
of FRP laminates, the bonding adhesive/resin and
primer for the concrete substrate. Most commonly
used are epoxies, they have got relatively low glass
transition temperature Tg, estimated at around of
40÷50°C [1].
When an epoxy polymer is subjected to a service tem-
perature exceeding Tg, it may transform into a soft and
viscous material. Consequently, the bond strength
between the FRP laminate and the concrete substrate
deteriorates. Because of that phenomenon, EBR FRP
strengthening systems are not resistant to elevated
temperatures. They behave poorly in fire but also in
other conditions, where high temperatures may occur,
including solar heating.
The term “glass transition temperature” does not
mean precisely determined value of temperature lead-
ing to sudden changes of material properties.
Transition from a solid (glasslike) to a rubberlike or
viscous state is a continuous process passing in tem-
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A b s t r a c t
The paper describes the measurements of temperature growth in different types of the epoxy adhesive bonding external
strengthening. A total of six types of models were tested: CFRP sheet and strip, two SRP tapes adhered to the concrete
sample, CFRP strip and SRP tape on a timber sample. Changes in temperature were investigated during the summer in
the southern Poland. The maximum measured temperatures for all models exceeded regarded as safe temperature limit of
45°C. The highest recorded adhesive temperature refers to a sample of CFRP strengthened timber and exceeded 70°C. For
the structure such a high temperature may result in almost complete loss of adhesion and thus the efficiency of strength-
ening. Test results may be a warning against the use of FRP external strengthening exposed to direct sunlight without any
protection.
S t r e s z c z e n i e
W artykule opisano pomiary wzrostu temperatury w różnych rodzajach klejów epoksydowych połączeń wzmocnień
zewnętrznych. Przebadano łącznie sześć rodzajów modeli: matę i taśmę CFRP, dwie taśmy SRP przyklejone do próbki
betonu, taśmę CFRP i taśmę SRP na próbce drewna. Zmiany temperatury były badane w okresie letnim w południowej
Polsce. Maksymalne zmierzone temperatury dla wszystkich modeli przekroczyły uznawaną za bezpieczną granicę tempe-
ratury 45°C. Najwyższa zanotowana temperatura kleju dotyczy próbki drewnianej wzmocnionej CFRP i przekroczyła 70°C.
Tak wysoka temperatura w konstrukcji może spowodować prawie całkowitą utratę przyczepności, a tym samym efektywnoś-
ci wzmocnienia. Wyniki badań mogą być ostrzeżeniem przed stosowaniem zewnętrznego wzmocnienia FRP poddanego
bezpośredniemu działaniu nasłonecznienia bez żadnej ochrony.
K e y w o r d s : Externally Bonded Reinforcement FRP; Epoxy adhesive; Glass transition temperature; Solar heating.
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perature range of about 10÷20°C [2]. The level of the
lost bond depends on the value of temperature.
Gamage [3] reported that the adhesive bond strength
between the CFRP sheet and the concrete is not vis-
ibly affected by the epoxy temperature under 36°C,
while rapid strength loss appears in the temperature
range of 60°C and 70°C. Similar effect was observed
by Aguiar et al. [4]. Specimen tested at 60°C lost
almost 50% of the capacity of strengthening, while at
80°C total strengthening was lost in comparison to
not strengthened beam.
Additional dependency noticed Klamer [5]. He
observed the ultimate load increase up to 50°C and
progressive decrease above that temperature (19%).
Similar growth of resistance was reported by
Blontrock et al. [6]. Between 20 and 50°C the failure
load increases of around 5%, while at 75°C decrease
of the bond was 38%.
The loss of adhesion may also depend on the type of
strengthening material. Leone [7] used three types of
FRP reinforcement: CFRP sheet and laminate and
GFRP sheet. The maximum bond stress decrease at
80°C was 54% in the case of CFRP sheet, 72% for
GFRP sheet and 25% for CFRP laminate.
Even a temperature of about 45°C, although does not
mean a risk for load capacity, but may lead to increase
of deformation. This effect was showed by Ulaga and
Meier [8], one positive finding of their tests was that
the deformations stabilized after initial rapid growth.
Limit of adhesion is also reflected in the form of
destruction. Already cited Klamer [5] referred two
models of debonding. The specimens tested at temper-
atures below 50°C failed in a brittle way at the concrete
interface with the adhesive (leaving a small layer of
concrete attached to the adhesive), while the specimens
tested at higher temperatures failed at the adhesive
layer (no concrete remained attached to the adhesive).
The final value of the glass transition temperature
grows with the curing time. Laboratory tests carried
by Mousa [9] on samples aged in room conditions
allowed a rise of Tg up to 62°C. Comparative samples
cured outdoors showed even better increase due to
their exposure to environmental conditions (> 30°C
during summer). Accelerated curing at high temper-
ature provides a stronger chain cross-linking. Thanks
to that phenomenon, the heating is effective post-
curing method, allowing for enhancement of glass
transition temperature. Othman [10] studied behav-
ior of epoxy strips cured at 50°C in a drying oven.
After 28 days samples cured in dry conditions
reached a glass transition temperature of 85°C. A lit-
tle worse growth was observed for saturated adhesive
(68°C). Carbas [11] defines optimum cure tempera-
ture as equal to 60°C. The effect of Tg growth above
the temperature decreases.
Factor which may reduce the glass transition temper-
ature is the moisture content. Moisture affects the
Van der Waals bonds between polymer chains and
plays an important role in physical ageing, decreasing
the Tg.
Concluding described researches it can be stated that
rapid decrease in adhesion occurs above 45°C, and its
effects are visible not only as a drop in load capacity,
but also as change of the model of destruction.
Specimens tested below 50°C show cohesion failure
within the concrete, while under higher temperatures,
an adhesion failure at the interface may be observed.
2. EXPERIMENT OUTLINE
The objective of the study was to determine the tem-
perature of the adhesive layer bonding different
types of composite reinforcements of concrete and
wood subjected to the direct influence of solar radia-
tion. To achieve this aim four samples were prepared,
two based on concrete and two wooden.
Concrete specimens were based on typical pavement
tiles with dimensions of 350 mm x 350 mm × 60 mm.
On their upper surface there were adhered samples
of strengthening materials, two for each specimen:
• CFRP strip 60×1.4 mm (further named con-
crete+sCFRP),
• one layer of laminate of CFRP sheet (con-
crete+lCFRP),
• SRP tape type 3X2-12 (Steel Reinforced Polymer)
with unfinished surface (concrete+tSRP)
• SRP tape type 3X2-12 finished with sand plaster
(concrete+tSRPsand).
Timber prisms were made of pine wood with dimen-
sions 250 mm × 150 mm × 80 mm (pieces of wood
beams). The following were adhered to them:
• CFRP strip 60×1.4 mm (wood+sCFRP),
• SRP tape 3X2-12 (wood+tSRP).
The thickness of the adhesive layer was about 1 mm.
CFRP sheet was laminated with S&P Resin 55, the
remaining samples were adhered with the use of
SikaDur 330. Figure 1 shows the schematic set-up
and the samples during the measures.
Temperature changes were measured with resistant
thermocouples Pt100, one of them was placed inside
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each specimen and used to measure the internal tem-
perature of base material, other in the adhesive layer
(two for each type of strengthening). To fill 4 mm
thick sensors little furrows were made in base mater-
ial. Measures were recorded using RTD thermome-
ter type CHY 804.
All samples were exposed to direct sunlight in open
air. Conditions were chosen to simulate the potential
possibility of heating. Temperature measures were
carried out in the warmest days of June, July and
August. Generally (depending on the position of the
sun) samples were sunny hours on average from
6.00 AM to 6.00 PM.
3. DISCUSSION OF MEASURES
3.1. Maximum temperature
Fig. 2 shows the maximum measured temperatures
for selected days of the test period. For presentation
the warmest days of pure sunshine without clouds
were chosen. Two measurements were carried out in
places sheltered from the wind, as indicated in the
form of a pictogram (two arrows and vertical line).
Generally for all models recorded temperatures of
the adhesive exceeded 45°C. For the concrete speci-
mens, maximum temperatures range around 50°C,
while the wooden models heat up much more,
exceeding 60°C. The highest temperature was
observed at the wood+sCFRP model on 12 June and
it reached 71.4°C. Faster heating of wooden speci-
mens can be explained by good thermal resistance of
timber and consequently worse transfer of heat from
the surface of the sample.
Samples based on carbon fibers heat up a little more
C
I
V
I
L
E
N
G
I
N
E
E
R
I
N
G
e
1/2016 A R C H I T E C T U R E C I V I L E N G I N E E R I N G E N V I R O N M E N T 81
Figure 1.
The view of test samples
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than SRP. Among the samples on the concrete fastest
warming occurred under the CFRP sheet. It is prob-
ably associated with black color of CFRP laminate,
its thickness and area. There is no particular effect of
plaster sand on SRP tape, so finished samples are
even more heated, which is probably the result of a
worse reflection of the sun through the rough sand
surface.
High impact on heating speed has also the wind pro-
tection; wind quite effectively cools the surface of the
FRP composite. This phenomenon was also observed
and described by Aguiar [4].
3.2. Temperature daily changes
Not only the temperature, but also the time of its
impact could be significant for the strength and defor-
mation of the adhesive layer. Figure 3 shows the tem-
perature changes of samples within the second week of
August (the hottest week of summer 2015).
Measurements of adhesive temperature are compared
with the temperature inside the sample (wood base &
concrete base) and air temperature (air). Samples dur-
ing all test period were kept outside subjected to solar
heating during the day and cooling at night.
The temperature is more dependent on the intensity
of sun exposure (the height of the sun above the hori-
zon, purity of the sky) than the air temperature,
therefore along the time axis changes in the weather
are shown schematically by pictograms of sun and
clouds.
The temperature increase was observed with the first
rays of the sun heating the sample. Usually, the high-
est temperatures occurred in the early hours of the
afternoon, around 2 PM. Exceptions included situa-
tions in which even a slight change in the weather as
a small cloud cover or wind occurred.
The longest period of dangerous temperature
remains in the wooden samples, a temperature
increase of this type of strengthening is the fastest,
but also the fastest is cooling after the disappearance
of insolation.
3.3. The speed of temperature rise
The speed of temperature rise determines the solar
heating time period which can be dangerous for
strengthening system. Sample temperature increase
for specimens exposed to sunlight at 10.15 AM is
shown in Fig. 4. The chart also indicates level of glass
transition temperature. As can be found, strengthen-
ing of wood sample needs only 15 minutes to reach
this temperature, while heating of concrete based
specimen thanks to the greater thermal inertia takes
a little over an hour. So fast heating of strengthening
of timber means that it should never be exposed to
the sunlight.
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Figure 2.
Maximum temperatures for selected days
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4. CONCLUSION
Sunlight exposure of uncovered FRP strengthening
system may induce adhesive temperatures that can
attain values higher than 60°C. This problem applies
especially to substrates less acquiring heat from the
surface, such a wood. The occurrence of such tem-
peratures may result in exceeding the glass transition
temperature of epoxy resins, which are the basis of
most adhesives and matrices of fiber composites.
Plastic flow of the polymer induces the deformation
in the plane of the adhesive, leading to a significant
reduction in the adhesion forces between the FRP
and the composite substrate. Finally even complete
relaxation of the fiber reinforcement is possible.
What is important, only one over the glass transition
temperature is enough to lose the efficiency of exter-
nally bonded strengthening.
If reinforcement system may periodically be subjected
to strong sunlight, the structural designer has to eval-
uate suitability of epoxy adhesive for a specific
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Figure 3.
Daily temperature changes
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strengthening application, foreseeing the tempera-
ture. The problem concerns particularly the wooden
structures, but also large-sized and thin-walled con-
crete when, as tests showed the temperature can
exceed 45°C already in less than half of an hour. In
such structures, it is necessary to introduce additional
layers of thermal insulation or mechanical anchoring.
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Figure 4.
Sample temperature rise
